Effects of physiological processes such as gestation, lactation and nutritional stress on stable isotope ratios remain poorly understood. To determine their impact, we investigated these processes in simultaneously fasting and lactating northern elephant seals (Mirounga angustirostris). Stable carbon and nitrogen isotope values were measured in blood and milk of 10 mother-pup pairs on days 5 and 22 of lactation. As long-and short-term integrators of diet, blood cells and serum may reflect foraging data or energy reserves from late gestation and lactation, respectively. Limited changes in isotopic signatures of maternal blood over the lactating period were highlighted. Nitrogen isotope fractionation associated with mother-to-offspring 1 2 MARINE MAMMAL SCIENCE, VOL. **, NO. **, 2010 transfer of nutrients was generated between mother and offspring during gestation and lactation. This fractionation was tissue and time-specific, it varied between early and late lactation from +0.6 to +1.3 in blood cells and from +1.1 to nonsignificant value in serum. Therefore, if pups appear to be good proxies to investigate the female trophic ecology especially for C sources, much more caution is required in using ␦ 15 N values. Further studies are also needed to better define the relative impact of fasting and lactation on the enrichment or depletion of isotopes in different tissues.
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Stable carbon and nitrogen isotope ratios ( 13 C/ 12 C reported as ␦ 13 C and 15 N/ 14 N reported as ␦ 15 N, respectively) in animal tissues have been widely used to study trophic relationships and foraging locations in terrestrial and marine food webs (Hobson and Stirling 1997 , Burns et al. 1998 , Burton and Koch 1999 , Kelly 2000 , Kurle and Worthy 2001 , Das et al. 2003 , Dehn et al. 2007 . Isotopic ratios in the various foods consumed are reflected in the animal's tissues, proportionate to the amount assimilated for each food source, after accounting for fractionation against heavier isotopes in the digestion and assimilation process Epstein 1978, 1981) . Stable nitrogen isotopes undergo fractionation between predator and prey, leading to an enrichment in 15 N with increasing trophic level Epstein 1981, Minagawa and Wada 1984) , thereby denoting an animal's trophic position. The ␦ 13 C value is close to that of the diet and is used to indicate relative contributions to the diet of two different potential primary sources in a trophic network, indicating for example the aquatic vs. terrestrial, inshore vs. offshore, or pelagic vs. benthic contribution to food intake (Hobson et al. 1995 , Dauby et al. 1998 . Geographic differences in ␦ 13 C values can be used to indicate foraging locations of animals in marine environments (Kelly 2000, Kurle and Worthy 2002) . Stable isotope methodology, however, is dependent on physiological and biochemical assumptions that are not sufficiently taken into consideration (Cherel et al. 2005) . Indeed, nutritional stress and physiological processes have been shown to affect the isotopic composition of tissues and can therefore complicate isotopic data interpretation (Hobson and Clark 1992b , Kelly 2000 , Kurle and Worthy 2001 , Fuller et al. 2004 , Cherel et al. 2005 .
Many wild animals fast during their breeding, weaning, molting, or migration periods (Mrosovsky and Sherry 1980) . Using their endogenous nutrient stores, fasting animals literally "feed on themselves" (Cherel et al. 2005) . These animals undergoing nitrogen recycling preferentially return 15 N to their nitrogen pool, thereby enriching their tissues in 15 N by utilizing a more 15 N-rich nitrogen source for amino acid synthesis (Minagawa and Wada 1984 , Kelly 2000 , Fuller et al. 2005 . Thus, conditions such as nutritional stress (Hobson and Clark 1992b , Voigt and Matt 2004 , Fuller et al. 2005 or disease (Katzenberg and Lovell 1999) have been shown to increase ␦ 15 N values when an organism presents a net catabolic state associated with lean muscle degradation (or negative nitrogen balance). On the contrary, a net anabolic state associated with protein synthesis (or positive nitrogen balance) during gestation (Fuller et al. 2004) or lactation (Kurle 2002 ) causes a decrease in the nitrogen isotope ratio of the maternal body protein pool. Since the metabolic state induces variation in the nitrogen isotope ratio of the body protein pool (Fuller et al. 3 2004 (Fuller et al. 3 , 2005 , it is expected that ␦ 15 N values of animals will be dependent not only on their food sources and trophic levels, but also on their nutritional and physiological status (Cherel et al. 2005) . Gestation, lactation, or fasting can thus lead to erroneous interpretations of ␦ 15 N values within the context of feeding ecology if the effect of these processes is not taken into account.
Nitrogen and carbon stable isotope analysis has also been used to explore lactation patterns in mammalian females (Nelson et al. 1998 , Polischuk et al. 2001 , Sare et al. 2005 , Newsome et al. 2006 , to explore tactics of energy acquisition for lactation (Dalerum et al. 2007 ), or to explore the ecology of adult mammal populations by sampling their offspring , Ducatez et al. 2008 . In some cases, reliable conclusions from 15 N data may be limited by the scant understanding of the effects of various physiological variables on isotope assimilation (Dalerum et al. 2007) . The isotopic fractionations associated with mother-to-offspring transfer of nutrients during gestation, lactation, and weaning are still poorly understood (Newsome et al. 2006 ). Theoretically, offspring "feeding" on maternal tissue would be a trophic level higher than its mother until weaning. This 15 N-enrichment of the offspring over its mother during gestation or nursing has been shown in different species (Hobson and Sease 1998 , Nelson et al. 1998 , Polischuk et al. 2001 , Dalerum et al. 2007 ). However, according to Jenkins et al. (2001) , this fractionation between offspring and mother is species-specific and the model of increased trophic level of nursing offspring in relation to mother may be too simplistic. The magnitude of animal-to-diet 15 Nenrichment may be a function of the protein quality (Robbins et al. 2005) or the C:N ratio (i.e., nitrogen concentration) of the diet (Pearson et al. 2003) . For carbon isotopes, the trophic level prediction may be complicated by the fact that milk in some marine mammals has a high lipid content (Newsome et al. 2006) , and lipids are 13 C-depleted relative to proteins (DeNiro and Epstein 1978) . Lipids probably have little impact on ␦ 15 N values given their low nitrogen content, so the consumption of milk rich in lipids would not affect the 15 N-enrichment. Marine mammals such as pinnipeds come ashore to give birth and to suckle their young, and most of them mate and molt on land. These haul-out periods involve some intense physiological processes for several true seal species like elephant seals. Northern elephant seal (Mirounga angustirostris) females give birth shortly after arrival on rookeries in California and Mexico and nurse a single pup for an average of 24-28 d (Le Boeuf et al. 1972, Le Boeuf and Laws 1994) . During this period, they fast completely from food and water while secreting a fat-rich milk synthesized from their body reserves (Le Boeuf and Ortiz 1977) . Lactating females may lose more than a third of their initial body mass, while pups gain around 90 kg during lactation (Crocker et al. 2001) . Pups are abruptly weaned when females return to sea to forage. Mating occurs at the end of nursing period. Elephant seals utilize embryonic diapause, with implantation of the blastocyst thought to occur during the molt (Crocker et al. 2001) . Active embryonic growth occupies about 7.5 mo (Laws 1956 ), when elephant seal females spend their time foraging in the ocean.
In order to assess the effect of gestation on the isotopic composition, we used a tissue with a medium isotopic turnover rate, such as blood cells that illustrate a foraging period of 2-3 mo in large mammals (Hilderbrand et al. 1996) . Blood cells collected from the beginning of lactation in mother-pup pairs should reflect the diet and potential effect of physiological processes occurring during the last months of gestation. In contrast, blood serum typically represents information over a period of a few days to a week (Hobson and Clark 1992a , Hilderbrand et al. 1996 . Therefore, blood serum and milk collection during lactation allowed 4 MARINE MAMMAL SCIENCE, VOL. **, NO. **, 2010 the assessment of how lactation and fasting affect stable carbon and nitrogen isotope ratios in northern elephant seal mothers and pups.
MATERIALS AND METHODS

Field Techniques
This study was conducted at Año Nuevo State Reserve, California (37
• 06 30 N, 122
• 20 10 W), during the 2005 breeding season (January-February). On arrival at the rookery, females were marked with hair dye (Clairol, Stamford, CT). Dates of birth were recorded by observing the marked females each day. Ten mother-pup pairs were captured on day 5 of lactation (early lactation) and then, were recaptured on day 22 of lactation (late lactation). Mothers were immobilized with an intramuscular injection of Telazol (1 mL per 100 kg of estimated body mass) and immobilization was maintained with intravenous injections of Ketamine (Ketaset, Fort Dodge Animal Health, Fort Dodge, IA) and Diazepam (Elkins-Sinn, Cherry Hill, NJ). Blood samples were collected from the extradural vein. Milk was collected from the teat using a clean cut-off syringe after a subcutaneous injection of 40 IU of oxytocin (10 U mL −1 , American Pharmaceuticals Partners, Los Angeles, CA) near the mammary gland. At the first capture (on day 5), pups were hand captured, while at the second capture, pups were immobilized with Telazol at the same mass-specific dosage used for the adult females. Blood samples were collected from the extradural vein of the pups on days 5 and 22 of lactation. At each capture, both mother and pup were measured using a measuring tape, and weighed using a scale (capacity 1,000 ± 1 kg and 500 ± 0.2 kg) suspended from a tripod. The pup's sex was determined.
After each procedure, the mother and pup were released and monitored until the female was completely mobile. All samples were kept on ice in the field (at 4
• C). At the end of each day, whole blood samples were centrifuged for 20 min and the cellular component was harvested for analysis. Serum was aliquoted into 1.8 mL Nunc tubes (Nunc Cryotubes, Nalge Nunc Ink, Roskilde, Denmark) and samples were stored at −20
• C for later analysis.
Stable Isotope Ratio Measurements
Blood cells, serum, and milk samples were freeze-dried, ground with a mortar and pestle into powder, and loaded into tin boats (1.5-2.0 mg for blood cells and serum and 4-5 mg for milk). Lipids were not removed from tissue samples. Stable isotope measurements were performed with an isotope ratio mass spectrometer (V. G. Optima, Micromass) coupled to an N-C-S elemental analyzer (Carlo Erba) for automated analyses. Stable isotope abundances are expressed in delta (␦) notation as the deviation from standards in parts per thousand ( ) according to the following equation:
where X is 13 C or 15 N and R is the corresponding ratio 13 C/ 12 C or 15 N/ 14 N. Standard values were based on the Vienna PeeDee Belemnite (v-PDB) for ␦ 13 C measurements and atmospheric nitrogen for ␦ 15 N measurements. Reference materials were IAEA-N1 (␦ 15 N = 0.4 ± 0.2 ) and IAEA CH-6 (sucrose) (␦ 13 C = −10.4 ± 0.2 ). Internal standards (glycine) were inserted into all runs at regular intervals to calibrate the system and to assess drift over time. Standard deviations of internal standard replicates were 0.1 and 0.3 for carbon and nitrogen, respectively.
Statistical Analyses
A Kolmogorov-Smirnov test was used to determine whether data departed from normality. To evaluate the variability during lactation for each variable and each sampled tissue, paired t-tests were used to compare means in early (day 5) and late (day 22) lactation. Analysis of variance (ANOVA) with repeated measures was used to determine equality of the isotope ratios among the different sampled tissues. A test was carried out for each sampling (on days 5 and 22) and means were compared pairwise, using Scheffe's post hoc test. The Bravais-Pearson correlation coefficient was used to test correlations between two variables. Statistical analysis of the data was performed using Statistica software (Statsoft Inc., version 7.1) and P < 0.05 was considered as significant. Results are presented as means ± standard deviation (SD).
RESULTS
Biometry of the northern elephant seal mothers and pups is shown in Table 1 . The mean ␦ 15 N and ␦ 13 C values in blood cells, serum and milk for early (day 5) and late (day 22) lactation are presented in Figure 1 . The ␦ 15 N values in pup blood components and milk differed significantly between day 5 and day 22 of lactation. Pup blood cells had higher ␦ 15 N values on day 22 (+0.7 ± 0.3 , paired t-test; P < 0.001, n = 9), while pup serum had lower ␦ 15 N values on day 22 (−0.5 ± 0.3 , paired t-test; P < 0.001, n = 8). Milk also had lower ␦ 15 N values in late lactation (−0.4 ± 0.3 , paired t-test; P = 0.002, n = 10). No significant difference was observed for ␦ 15 N values in maternal blood cells and serum between both samplings (paired t-tests; P = 0.695, n = 10, and P = 0.526, n = 9, respectively). Only the ␦ 13 C values in maternal serum differed significantly between early and late lactation (−0.2 ± 0.1 , paired t-test; P = 0.003, n = 9). The ␦ 13 C values in maternal and pup blood cells, pup serum, and milk remained similar between both samplings (paired t-tests; P = 0.145, n = 10; P = 0.485, n = 9; P = 0.068, n = 8; and P = 0.056, n = 10, respectively). 
Tissue Comparison
The ␦ 15 N and ␦ 13 C values differed significantly between blood cells and serum independent of the lactation period. Serum had ␦ 15 N values ∼2 higher and ␦ 13 C values ∼0.9 lower than blood cells for mothers and pups ( Table 2 ). The ␦ 15 N Maternal Maternal P < 0.001 P < 0.001 P < 0.001 P < 0.001 serum blood cells 2.0 ± 0.4 2.1 ± 0.7 −0.8 ± 0.3 −1.0 ± 0.3 Pup serum Pup blood P < 0.001
values in milk were similar to those in maternal serum, but were significantly lower by ∼1 than those measured in pup serum (Table 2 ). In contrast, milk had ␦ 13 C values ∼5.6 lower than both maternal and pup serum (Table 2) .
Isotopic Fractionation between Mother and Offspring
Blood components in pups had significantly higher ␦ 15 N values than in mothers (from +0.6 to +1.3 ), except for serum on day 22 of lactation ( Table 2 ). The enrichment between mother and offspring increased with time in blood cells (between days 5 and 22: +0.7 ± 0.4 ), while it decreased with time in serum. In contrast, the ␦ 13 C values in pup blood components remained similar to those of the mother, except for pup serum on day 22 (Table 2) .
Relationships between Mother and Offspring
Carbon and nitrogen signatures of pups and their mothers were positively and linearly correlated in blood cells (␦ 13 C: r = 0.95, P < 0.001 on day 5; r = 0.97, P < 0.001 on day 22; ␦ 15 N: r = 0.85, P = 0.004 on day 5; r = 0.85, P = 0.003 on day 22; for all n = 9). Similar relationships were observed in serum, except for ␦ 15 N values on day 22 (␦ 13 C: r = 0.95, P < 0.001 on day 5; r = 0.76, P = 0.028 on day 22; ␦ 15 N: r = 0.75, P = 0.030 on day 5; r = 0.17, P = 0.683 on day 22; for all n = 8; Fig. 2A) . A significant positive relationship was observed between ␦ 15 N values in milk and pup serum only on day 22 (r = 0.81, P = 0.015, n = 8; Fig. 2B ).
Variation of C:N Ratio
Carbon-nitrogen ratio (C:N) in maternal and pup blood cells was 3.3 ± 0.0 and was constant during lactation (paired t-test; P = 0.6, n = 10 for mothers and n = 9 for pups). Maternal serum displayed a C:N ratio of 4.0 ± 0.1 on day 5 and 4.2 ± 0.1 on day 22. These values differed significantly (paired t-test; P < 0.001, n = 9). The C:N ratio in pup serum was constant during lactation, with 3.8 ± 0.1 and 3.9 ± 0.1 on days 5 and 22, respectively (paired t-test; P = 0.166, n = 8). In milk, this ratio differed between both samplings, with 18.5 ± 2.1 on day 5 and 39.2 ± 5.1 on day 22 (paired t-test; P < 0.001, n = 10). No relationship between ␦ 13 C values and C:N ratio was observed in blood components or milk (for all P > 0.05).
DISCUSSION
Due to their varying protein and therefore isotopic turnover rates, blood components illustrate foraging data from different time periods (Kelly 2000) . Stable isotopes in blood cells are believed to reflect combined effects of both retrospective diet and physiological processes during the last 2-3 mo of gestation in northern elephant seals. Serum with its high turnover rate reflected nutrients incorporated approximately one week prior and up to sampling. Interestingly, the ␦ 15 N and ␦ 13 C values varied systematically between blood cells and serum for mothers as well as pups. These ␦ 15 N and ␦ 13 C variations could reflect a change of the maternal diet between their foraging area and their breeding area. Before the breeding season, northern elephant seal females feed in deep oceanic waters of the North Pacific Ocean as far as several thousand kilometers from the Californian coast ). On their way back to breeding sites, females shift from a pelagic diet to a more inshore or benthic diet. The inshore or benthic C sources are known to be enriched in 13 C relative to offshore or pelagic C sources (Rau et al. 1992 , Gannes et al. 1998 , Kelly 2000 . Consecutively, higher ␦ 13 C values were expected in serum compared to blood cells. Furthermore, if we hypothesized that females fast during their return migration, enhanced ␦
13 C values in serum should be expected (see Introduction). However, higher ␦ 13 C values were measured in blood cells than in serum. The specific biochemical composition of blood cells and serum might shed some light on such a discrepancy. Several authors have indeed observed such differences between both these components even on a constant diet (Kurle 2002 , Lesage et al. 2002 , Zhao et al. 2006 . A likely cause would be differences in the amount of lipid present in each blood component (Kurle 2002) . Circulating lipids in the blood are transported in serum by different macromolecules such as serum albumin and lipoproteins, and lipid content is higher in serum than it is in blood cells of pinnipeds (14.6% vs. 3.8%, respectively; Lesage et al. 2002) . As a potential indicator of lipid content, the C:N ratios calculated from carbon and nitrogen percentages in this study corroborate these statements (4 in serum vs. 3.3 in cells). So a higher lipid content can generate the lower ␦ 13 C values since lipids are known to be 13 C-depleted during biochemical fractionation Epstein 1978, Tieszen et al. 1983) . Nevertheless, no relationship between ␦ 13 C values and C:N ratio was observed in blood components. On the other hand, differences in proteins and amino acid patterns between blood cells and serum might lead to variations in ␦ 15 N values. Each amino acid has a wide range of isotopic values for nitrogen (Fantle et al. 1999 , Zhao 2002 . The most abundant proteins in serum and blood cells are serum albumin and hemoglobin, respectively (Wheater et al. 2001) .
Effect of Gestation on Stable Isotope Ratios
The ␦ 15 N values in blood cells showed that gestation in northern elephant seals generates a nitrogen isotope fractionation between mother and offspring. The 15 Nenrichment in relation to mothers was +0.6 ± 0.4 at first sampling (day 5). This enrichment increased between both samplings to reach +1.3 ± 0.3 later ( Table 2 ). The nitrogen isotope fractionation between mother and offspring linked to gestation is reported in several species of terrestrial and marine mammals, but it is not systematic and may vary by species (+5 in bones of European cave bears, Ursus spelaeus [Nelson et al. 1998 ]; +1.5 and +3.5 in liver and muscle, respectively, of harbor porpoises, Phocoena phocoena [Fontaine 2002]) . The phenomenon could be explained by the progressive 15 N-enrichment of the fetus from maternal tissue while the maternal ␦ 15 N values are decreasing such that the offset between the motherfetus pair is essentially balanced (Fuller et al. 2004) . Previous study has demonstrated that gestation generates a decrease in ␦ 15 N values in maternal human hair (Fuller et al. 2004 ) due probably to maternal nitrogen conservation during pregnancy. In this study, we did not observe any variation in ␦ 15 N and ␦ 13 C values in maternal blood cells measured on days 5 and 22 of lactation. However, the sampling interval may seem rather short and unsuitable to conclude that the gestation did not modify isotopic signatures in maternal blood cells. Unfortunately no point of comparison with nonparturient females is available. It would be interesting to investigate molting elephant seal females since the isotopic signature of their blood cells will not yet have integrated the potential effect of active embryonic growth. Some previous marine mammal studies also reported the absence of difference in ␦ 15 N and ␦ 13 C values with those obtained in other, nonparturient females in northern fur seals, Callorhinus ursinus (Kurle 2002 ) and harbor porpoises (Fontaine 2002) .
Effect of Lactation Period on Stable Isotope Ratios
Northern elephant seals, like several other true seal species, fast during lactation. Lactating and fasting females must thus meet both their own metabolic requirements and, through milk production, the nutrient requirements of their pups for neonatal and post-weaning development (Kovacs and Lavigne 1986) . From a physiological point of view, whereas fasting in phocids is characterized by protein sparing and reductions in metabolic rates, lactation is characterized by dramatic increases in metabolism and a significant transfer of nutrients and water to mammary gland for the synthesis of milk (Crocker et al. 1998) . Lactating and fasting females are therefore faced with a dual challenge and show a progressive increase in the rate of protein catabolism across lactation (Crocker et al. 1998) , although their total free amino acid concentration in plasma has been shown to decline by 11% as fasting progresses (Houser and Crocker 2004) . According to this information, we expected to find higher ␦ 15 N values in maternal serum in late lactation since a net catabolic state associated with lean muscle degradation results in an increase in the nitrogen isotope ratio (see Introduction). Surprisingly, we found no significant change in the nitrogen isotope ratio of maternal serum between early and late lactation. This discrepancy is likely to be a consequence of a counteracting effect of lactogenesis. Indeed, lactogenesis may cause 15 N depletion in maternal tissues. Kurle (2002) observed this process in a captive northern fur seal (Callorhinus ursinus)-that had never been nutritionally stressed-where ␦ 15 N values in blood components were depleted during lactation in relation to those during gestation. Whereas ␦ 15 N values may decrease in maternal tissues during lactation, milk produced in marine mammals might be enriched in 15 N over maternal tissues (Kurle 2002) . For instance, milk protein from female polar bears (Ursus maritimus) is significantly more enriched in 15 N than their plasma (Polischuk et al. 2001) . However, contrary to what was expected, we did not observe any variation in ␦ 15 N values between maternal serum and milk. In contrast, milk was uniformly 15 N-depleted during lactation independently of maternal serum. Although milk protein concentration remains fairly constant during lactation (8%-15% of milk by weight, Riedman and Ortiz 1979 , Davis et al. 1995 , Crocker et al. 2001 , the stage of lactation has a slight effect on milk amino acid pattern, with changes in the amino acids histidine, isoleucine, methionine, and valine (Davis et al. 1995) . These slight variations in milk amino acid pattern may explain modifications in ␦ 15 N values in the milk of northern elephant seals during lactation.
Lactogenesis makes a large demand on lipid reserves, as produced milk is copious and energy-rich. The milk fat content rises during lactation from approximately 15% to 55%, while the water content falls from 75% to a level of 35% (Riedman and Ortiz 1979) . Milk energy and nutrient contents are derived entirely from maternal body stores, and are shipped to the pup via the different compartments of transfer (maternal serum → milk → pup serum). Circulating fatty acid and triglyceride concentrations in maternal serum show high levels and increase across lactation (McDonald and Crocker 2006) . This is in agreement with the higher C:N ratio that we measured in late lactation and the slight decrease observed in ␦ 13 C values of maternal serum during lactation (−0.2 ± 0.1 ), since lipids are known to be 13 C-depleted during biochemical fractionation Epstein 1978, Tieszen et al. 1983) . Milk showed low ␦ 13 C values, easily explained by its high fat content. However, no variation in ␦ 13 C values was observed between early and late lactation despite the high increase in the C:N ratio in milk supporting the lipid content increase throughout lactation.
Although lipids probably have little impact on ␦ 15 N values given their low nitrogen content, they may greatly influence ␦ 13 C values when present in appreciable amounts (Lesage et al. 2002) . As Kurle (2002) and Lesage et al. (2002) made clear, lipids should be extracted from lipid-rich tissues, or with tissues having a lipid content that may vary unpredictably between individuals, such as blood serum or plasma. This would allow the determination of the extent to which lipid content in the blood and milk influences stable isotope ratios (Kurle 2002) .
A nitrogen isotope fractionation between mother and offspring was measured in serum on day 5. Surprisingly, we observed a decrease in ␦ 15 N values of pup serum throughout lactation (−0.5 ) and therefore in the 15 N fractionation between mother and offspring. With its high turnover rate, serum likely reflects the nutrients incorporated during the week previous to collection. Serum collected on day 5 of lactation would reflect information since a few days before birth, whereas serum collected on day 22 would reflect information since the middle of lactation. Although milk intake already started on day 5, gestation was still influencing the isotopic signature in serum during which her offspring was directly nourished from nutrients within the maternal blood. This may explain why we observed a relationship between ␦ 15 N values in maternal serum and pup serum only on day 5 ( Fig. 2A) , whereas there was no relationship between milk and pup serum (Fig. 2B) . A 15 N fractionation between mother and offspring occurred on day 5 (+1.1 in pups, Fig. 2C ). In contrast, on day 22 the relationship between maternal and pup serum was no longer observed ( Fig. 2A) . The isotopic signature of pup serum became dependent on the isotopic signature of the milk (Fig. 2B) since the pup is nourished via maternal milk. Similarly, a 15 N fractionation occurred between milk and pup serum (+1.0 in pups on day 22, Fig. 2C ). The 15 N fractionation between maternal and pup tissues is thus maintained during lactation with a similar magnitude. The 15 N-depletion in pup serum during lactation might reflect the diet shift (from maternal blood to milk) and the effect of a net anabolic state associated with growth and protein synthesis (see Introduction). Same observations of decreasing pup ␦ 15 N values during lactation have been reported in hair of northern elephant seals ) and bones of European cave bears (Nelson et al. 1998) .
In the congeneric southern elephant seal, Ducatez et al. (2008) investigated the winter trophic ecology and maternal investment with the help of stable isotope analysis in maternal and pup blood. Although they analyzed whole blood instead of separating blood cells and serum, similar results were obtained in the northern and southern elephant seal (NES and SES, respectively). First, limited changes in isotopic signatures of maternal blood over the lactating period were highlighted in both species. Overall, pup blood isotopic composition in NES also reflects that of the mother in a predictable manner. Indeed, significant positive and linear relationships were found for ␦ 15 N and ␦ 13 C values in blood cells and serum between pups and mothers, except for ␦ 15 N values in serum in late lactation (day 22). An identical increase in ␦ 15 N values between pups and mothers was observed: +1.3 ± 0.3 in whole blood for SES (Ducatez et al. 2008 ) and +1.3 ± 0.3 in blood cells for NES (in this study). However, if NES pups appear to be good proxies to investigate the female trophic ecology especially for C sources, much more caution is required in using ␦
15 N values and no generalization can be made. The nitrogen isotope fractionation between mother and offspring is tissue and time-specific. It varied between early and late lactation from +0.6 to +1.3 in blood cells and from +1.1 to nonsignificant value in serum of NES. Some processes during lactation remain misunderstood in tissues with a high rate of protein turnover, such as serum. Further studies are needed to better define the relative impact of fasting and lactation on the enrichment or depletion of isotopes in different tissues.
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